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APPARATUS FOR TRANSPORT OF FLUIDS ACROSS. INTO OR 

FROM BIOLOGICAL TISSUES 

Related Applications 

This application claims priority to Japanese application numbo: 
9-166334, entitled Apparatus and filed June 23, 1997 which is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE TNVE>rnON 

Field of the Invention 

The present invention relates to a an apparatus for transporting fluids 
across, into or from tissues and more particularly for transporting biological 
fluids across, into or from biological tissues. 

Description of Related Art 

The ability to transport fluids across, into or from biological tissues 
plays an important role in many medical procedures. For instance, many 
medical treatments require that blood be withdrawn across a patient's skin or 
that medicament be administered to a patient by injecting the medicament 
across the patimt's skin. There are known methods of administering 
medicament transdermally via diffusion through the skin. However, the skin 
has protective functions that prevent the intrusion of foreign matter from 
outside, so merely coating the skin with medicament is not sufficient for the 
medicament to be absorbed efficiently. 

Biological fluids can be collected and medicaments can be 
administered using a hypodermic needle. However, hypodermic needles are 
associated with a risk of infection and are known to be painful. It is also 
known to collect fluids through the skin of a patient by applying a vacuum 



suction apparatus to the skin, however, vacuum suction apparatuses are known 
to have poor efficiency and to leave suction maiks remaining on the skin. 

Many of the problems described above also result when fluids are 
transported across, into or from other biological tissues such as the wails of 
blood vessels or the surface of organs. 

There is a need for a method and apparatus capable of effici^tiy 
transporting fluids across, into or from a tissue without causing pain or leaving 
marks upon the patient. 

SUMMARY OF THE INVENTION 

An apparatus for creating holes in a biological tissue is disclosed. The 
apparatus includes a housing which at least partially defines a fluid chamber. 
The fluid chamber including a tissue contact surface which is configured to be 
positioned adjacent die biological tissue. An ultrasound delivery device is 
positioned adjacent the fluid chamber and is configured to cavitate a fluid 
within the fluid chamber. A plurality of apertures extend from the fluid 
chamber through the tissue contact surface. The apertures are sized to permit 
passage of the cavitated fluid through the apertures. 

In another embodimoit, the apparatus includes a housing which at least 
partially defines a fluid chamber. The fluid chamber includes a tissue contact 
sur&ce which is configured to be positioned adjacent the biological tissue. An 
ultrasound delivery device is positioned adjacrat the fluid chamb^ and is 
configured to operate at a frequency which cavitates a fluid within the fluid 
chamb^. A plurality of apertures ext^d from the fluid chamber through the 
tissue contact surface. The apertures have a size matched to have the fluid exit 
from the chamber through the apertures at the operating frequency of the 
ultrasound delivery device. 

In another embodiment, the apparatus includes an elmgated body 
which includes a distal end which at least partially defines a fluid chamber. A 



tissue contact surface is included in the elongated body and is configured to be 
positioned adjacent the biological tissue. An ultrasound delivery device is 
positioned within the fluid chamber and is configured to cavitate a fluid within • 
the fluid chamber. A plurality of apertures extend from the fluid chamber 
through the tissue contact surface. The apertures are sized to pennit passage 
of the cavitated fluid through the apertures. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a is a cross section of an apparatus for transporting a fluid 
across^ into or firom a tissue. 

Figure 2 is a bottom view of the apparatus illustrated in Figure 1 . 

Figure 3 illustrates an apparatus according to the present invention 
coupled with a fluid reservoir and a pump. 

Figures 4A-4D illustrates the process of cavitation within the fluid 
chamber* 

Figures 5 A-SD illustrate cross-sections of apertures with varying 

shapes. 

Figure 6 is a cross section of an apparatus including a cavitation 
threshold reducing agent within the apertures. 

Figure 7 is cross-section of an apparatus with a tissue contact surface 
constructed from ultrasound-absorb^t material or ultrasound-reflective 
materials. 

Figure 8 is a cross-section of an encapsulation sheet which is adh^ed 
to the outside surface of the tissue contact siuface. 

Figure 9 is a cross-section of an apparatus including an adhesive tissue 
contact surface 1 1 attached to the outside surface of the tissue contact surface. 

Figure 10 illustrates an embodiment of the apparatus included on an 
elongated body and positioned within an esophagus. 

Figure 1 1 A is a cross section of an embodiment of the apparatus 
included on an elongated body which includes a balloon. 



Figure 1 IB illustrates the apparatus of Figure 1 1 A inflated within a 
body lumen. 

Figure 12 is a block diagram of feedback control system for use with 
the apparatus. 

DETAILED DESCRIPTIQN 

Figure 1 illustrates an apparatus 1 for transporting fluids across, into or 
from a tissue 2. A tissue contact surface 3 A is included in a distal member 3B 
which is part of a housing 3C. The housing 3C defines a fluid chamber 4. The 
housing 3C and/or the distal member 3B can be constructed from hard 
materials including, but not limited to, plastics, hard resin, aluminum, iron, 
stainless steel, etc. The housing 3C and/or the distal member 3B can also be 
constructed from softer more flexible materials including, but not limited to, 
polyvinyl chloride, polyethylene, rubber, Styrofoam, etc.. The distal member 
3B can be integral with the housing 3C or can be removable from the housing 
3C. The distal member 3B can be constructed from the same matmal as the 
housing 3C or different materials. For instance, the distal member 3B can be 
constructed from a more flexible material while the housing 3C is constructed 
from more rigid materials. This construction allows the apparatus 1 to be 
pushed against a tissue 2 with sufficient force that the housing 3C retains its 
shape but the distal member 3B conforms to the contours of the tissue 2. The 
distal member 3B has a hdght which is preferably from 1 (im to 1 cm, more 
preferably from 3 |un to 1 mm. 

As illustrated in Figures 1 and 2, a plurality of apertures S extend from 
the fluid chamber 4 through distal memb^ 3B. The apertures 5 can be 
uniformly distributed as illustrated in Figures 1 and 2 or they can be provided 
with nonuniform density. Suitable diameters for the apertures S include, but 
are not limited to, 0. 1 |un to 3 mm and 0.3 |mi 0. 1 nun. In addition, the shape 
of the apertures S is not limited to circular, as they may also be star-shaped, 
polygonal-shaped or irregularly shaped. The density of apertures 5 can be set 
in the range from 1 to 1 million per square centimeter. 



The apparatus 1 is illustrated in Figure 2 as having a round shape, 
however, the apparatus 1 can have a variety of geometries including, but not 
limited to, square and rectangular. When the apparatus 1 has a round shape, 
the apparatus 1 preferably has a diameter from 1-5 cm and more preferably fro 
2-4 cm. 

An energy delivery device 6 is positioned adjacent the fluid chamber 4 
on the opposite side of the apertures 5. The energy deliveiy device 6 can be 
integral with the hotising 3C or can be detachable from the housing 3C. 
Suitable energy delivery devices 6 include, but are not limited to, ultrasound 
elements powered by lasers, electromagnetic coils, or piezoelectric polymers 
or ceramics. An ultrasound element may consist of electrodes attached to both 
sides of a piezoelectric elonent The piezoelectric element can be planar, 
cylindrical, spherical, polygonal or any otha* shape appropriate for the 
application. Ultrasound energy can be radiated in directions perpendicular to 

* 

the surface of the ultrasound element by 24>plying a pulsed or oscillating 
voltage between the electrodes. The ultrasound element may be made of a 
film-like polym^, ceramic or other hard material. The ultrasound element is 
supplied with a pulse or high-frequ^cy driving signal from a power supply 
(not illustrated). The ultrasound frequencies that can be used include 
ultrasound in the range from 10 kHz - 100 MHz, SOOkH - SOMHz and IMHz - 
50 MHz. In addition, the intensity of die ultrasound energy may be in the 
range 0. 1-1000 W/cm^. The ultrasound element may be divided into two or 
more parts, and the ultrasound genmtion need not necessarily be 
perpendicular to the surface. 

At least one temperature sensor 7 can be positioned in the distal 
member 3B as illustrated in Figure 1 . Each temperature sensor 7 can provide a 
signal indicating the tenq)erature at the temperature scasor 7. The tanperature 
sensors 7 can be coupled with a tenq)erature feedback control system. The 
feedback control system maintains the temperature at the distal member 3B 
within a desired range by adjusting the level of ultrasoimd energy delivered 
from the ultrasound element in response to the signal from the temperature 



sensors 7. Although the temperature sensors are illustrated as positioned 
adjacent the tissue contact surface, they can also be positioned within the fluid 
containment volume, the energy delivery device or elsewhere on the apparatus 
1. 

As illustrated in Figure 3, the apparatus 1 can be incorporated into a 
system for transporting a fluid across, into or from a tissue 2. The system 
includes a fluid reservoir 8 and a pump 9. Suitable pumps 9 include, but are 
not limited to, a roller pump. Suitable fluid reservoirs 8 includes, but are not 
limited to, intravenous fluid bags typically used in hospitals and other sterile 
and variable volume fluid reservoirs 8. The fluid reservoir 8 is in fluid 
communication with the fluid chamber 4 via the pump 9. In operation, the 
pump 9 can be used to provide fluid to the fluid chamber 4 or can be run in 
reverse to draw a vacuum on the fluid chamber 4. The pump 9 is optional and 
can be eliminated from the system by raising and lowering the elevation of the 
fluid reservoir 8 relative to the apparatus 1 or by directly pressurizing the 
reservoir. For instance, pressurization can occur by iiyecting air into the 
reservoir with a syringe through a one-way-valve. 

In operation, the fluid chamber 4 and the apertures S are tilled with a 
fluid. The tissue contact surface 3 A is then positioned adjacent the tissue 2. 
These two steps can also be performed in reverse order. For instance, the fluid 
chamber 4 can be filled with fluid after the tissue contact surface 3 A is 
positioned adjacent the tissue 2. The fluid can be pumped from a fluid 
reservoir 8 to the fluid chamber 4. 

When the apparatus 1 is positioned adjacent the tissue 2, the apparatus 
1 can be pressed against die tissue 2 such tiiat tiie distal member 3B at least 
partially conforms to the contours of the tissue 2. The conformation of the 
q)paratus 1 to the contours of the tissue 2 can create at least a partial seal 
between the tissue 2 and the apparatus 1 to prevent the fluid within fluid 
chamber 4 from leaking out from under the apparatus 1 . A seal can also be 
formed by qjplying a sealant sudi as a petroleum jelly to the periphery of the 
housing 3C before the apparatus 1 is positioned adjacent the tissue 2. 



After the fluid containment region is filled with fluid and the apparatus 
1 positioned adjacent the tissue 2, a pulsed driving signal is supplied to the 
energy delivery device 6. In response, the energy delivery device 6 deforms in 
the direction perpendicular to the surface of the energy delivery device 6, and 
a pulsed pressure is s^plied to the apparatus I, causing an acoustic pressure 
wave to propagate through the fluid in the fluid chamber 4. The pressure 
waves cause changes to pressure which generate cavitation in the fluid within 
the fluid chamber and within the apertures. 

The mechanism of cavitation is described in Robert E. Apfel: ^^Sonic 
effervescence: tutorial on acoustic cavitation,^ Journal of Acoustic Society of 
America 101 (3): 1227-1237, March 1997, Atchley A. Crum L: 
"Ultrasound — Its diemical, physical and biological effects: Acoustic 
cavitation and bubble dynamics,*' Ed. Suslick pp. 1-64, 1988 VCH 
Publishers, New York. These referaices are incorporated herein by reference 
in their entirety and are described briefly below. ' 

Figures 4A-4D illustrate the generation of cavitation within the fliiid 
chamber 4 and aperture 5. Cavitation is a phenomenon in which bubbles 
formed fix>m gas dissolved in a fluid under acoustic vibrations or bubbles that 
are already preset oscillate or repeatedly expand and contract This cavitation 
does not occur uniformly within the fluid but it occurs most often in locations 
where the fluid is in close proximity to a solid inter&ce. As a result, the 
bubbles are most often formed within the apertures in the distal member 3B. 

When the ultrasound energy delivered to the fluid causes the pressure 
of the fluid to drop rapidly, gas dissolved in the fluid forms a nearly spherical 
bubble 12 at an aperture S in the sq)paratus 1 as illustrated in Figue 4A. As the 
pressure drops the bubble 12 grows as illustrated in Figure 4B. If the bubble 
12 grows to a size at which the spherical shape cannot be maintained, the 
bubble 12 collapses as illustrated in Figure 4C. This collapse occurs on the 
side of the bubble 12 opposite the tissue contact surface 3A. The fluid at the 
top of the bubble 12 is sucked in the direction of arrow A toward the aperture 
S. The bubble 12 collapses rapidly acceleratmg the flow of fluid at the top of 
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the bubble 12. Eventually the flow of fluid becomes a jet in the direction of 
arrow A. The jet strikes the surface of the tissue 2 at roughly 600 lan/h. This 
causes a fine hole 14 to be formed in the surface of the tissue 2. Since a 
plurality of apertures S are formed in the distal member 3B, the number of 
holes 14 in the tissue 2 corresponds to the number of apertures S. A suitable 
tissue 2 includes but is not limited to human skin. Since skin is able to heal 
and close tiny holes 14 of this nature in a short period of time, the apparatus 1 
reduces the discomfort to the patient. 

After a large number of fine holes 14 are formed in a tissue 2 such as 
skin by the method described above» medicament can be efficiently absorbed 
into the body by coating the medicament upon the treated area of the tissue 2. 
The amount of medicament absorbed can be controlled by changing the 
surface area or shape of the distal member 3B by iricreasing the aperture size. 
Similarly, the density of the apertures 5 can be increased to increase the 
absorption of medicament 

In addition to applying medicament to a tissue 2 after the apparatus 1 is 
removed, the medicament can be applied via the apparatus 1 by including the 
medicament within the fluid chamber 4 or the fluid reservoir 8. The cavitation 
serves to transport the medicament past the tissue 2 by injecting the 
medicament containing fluid through the holes 14. Different firequencies can 
be used for creation of the holes and delivery of the medicament containing 
fluid through the holes. For instance, the frequency which is optimal for hole 
creation may be different than the firequency which is optimal for the delivery 
of a particular medicament. 

Suitable medicaments which can be included within the fluid or can be 
applied to the tissue 2 include, but are not Umited to, insulin, anti-cancer 
dmgs, vitamins, minerals, saline solution, various hormones (growth hormone, 
female sex hormones, antidiuretic hormone), steroids, anti-inflammatory 
drogs» anti-allergic drugs, photosensitizing agmts, contrast media, various 
proteins, genes, viruses, lidocaine or other local anesthetics, drugs used for 
general anesthesia, general painkillers, various psychotropic drugs. 



tranquilizers, anticoagulant factors (hq}arin, urokinase), albumin, antibiotics, 
antihypertensive agents, vasopressor drugs, anti-psoriasis drugs, or in the case 
of internal tissues and vessels anti-prolifmtive agents, anti-restenosis agents, 
anti*neoplastic agents, anti-oncological agents, etc.. 

After the holes 14 are formed in the tissue 2, biological fluids can also 
be drawn fiom the tissue 2 into the fluid chamber 4. To draw biological fluids 
aoross or from the tissue 2 a vacuum is applied to the fluids within the fluid 
chamber 4. The pump 9 iUustrated in Figure 3 can be used to create diis 
vacutmi. A portion of the biological fluids which are withdrawn will be 
intermixed with the fluid which was initially within the fluid chamber 4. 
However, the biological fluid can be withdrawn until the withdrawn fluid is 
partially or substantially all biological fluid. When the desired portion of 
biological fluids is obtained, the withdrawn fluid can be sampled for testing or 
other purposes. The fluid which is initially within the fluid chamber is chosen 
to be compatible with the fluid bemg sampled. For instance, the fluid initially 
within the fluid chamber can be physiological saline. Because the holes 14 
created by the apparatus 1 are very fme, the administration of medicament or 
collection of bodily fluids can be performed effectively without excessive pain 
to the patient. 

The aperture density can be customized for particular tissues. For 
exanq>le, to administer medicament selectively to specific areas of the skin, 
one can intmtionally place an area with a high density of apertures 5 upon the 
target area. Convosely, if there are areas of the skin where medicament is not 
to be administered, then areas with qo apertures 5 can be placed on that area. 
The size of the ap^tures S can be set to determine the rate of administration of 
medicament In this manner, the rate, amount and area of administration of 
medicament can be controlled by the properties of the apertures 5. In addition, 
the physical properties of the medicament, for example the surface toision, 
viscosity, molecular weight and activity can change the conditions of 
administration of medicament. Moreow, the conditions of administration of 
medicament can also be adjusted with the number, density and shape of the 
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apertures 5. In addition, the optimal configuration of apertures 5 is determined 
dq>ending on the amount of energy, frequency, voltage, current and intensity 
of the ultrasound radiation. 

In the exemplary embodiments described above, a pulsed driving 
signal is supplied to the energy delivery device 6, but a continuous driving 
dgnal may also be supplied instead. In this case, the cavitation phenomenon 
of bubbles 12 being generated and collapsed occurs repetitively, and a large 
number of holes 14 can be formed in the surface of the skin 6 with even higher 
efficiency. 

An inverse relationship exists between the size of the apertures 5 and . 
the optimal frequency of the ultrasound. For example, if the distal member 3B 
includes apertures 5 with diameters of 80 }im and 4 ^m, resonance and 
cavitation occur most strongly around the 80-^m ap^tures 5 when the distal 
member 3B is irradiated with 40-kHz ultrasound. On the other hand, when 
irradiated with 1-MHz ultrasound, cavitation occurs primarily in the 4-^m 
diameter apertures 5. This relationship can be used to match the size of the 
apertures to the frequency of the ultrasound energy and vice versa. For 
instance, the lower frequency can be used when a large amount of medicament 
must be delivered. This lower frequency concentrates the cavitation at the 
larger apertures so an increased quantity of medicament can be delivered. 
Conversely, the lower frequency can be used when smaller amounts of 
medicament must be delivered. The medicament delivery characteristics can 
also be chosen by the patient or physician. For instance, the energy delivery 
device can be operated at a single frequency and a distal member having 
8^>ertures of a uniform diameter can be selected which increases or decreases 
the medicament delivery rate at that frequency. 

The cavitation parameters can be altered during operation of the 
device. For instance, if the distal member 3B is continuously irradiated with 
ultrasound of 1 MHz for 10 ms, bubbles 12 will be generated in the apertures 5 
portions of the distal member 3B, but if the frequency of the ultrasound is 
immediately switched to 500 kHz, wluch is not the resonant frequoicy of the 
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bubbles. The bubbles 12 will rupture. In this manner, by mixing a frequency- 
modulated wave into a single frequency, the size of the bubbles 1 2 when they 
burst can be adjusted. Similarly, the characteristics of the bubbles within the 
cavitated fluid can be altered by smoothly sweeping the ultrasound frequency 
over a range. These frequency adjustments can be used to optimize the 
creation of holes in the tissue or to optimize delivery of medicament into or 
across die tissue. For instance, the frequency can be altered to create a 
pumping action of the fluid into the hole The source of ultrasound en^gy can 
be controlled by computer either automatically or semi-automatically to 
control the dose of medicament or suction of bodily fluids. The computer can 
also be used to make the above frequency adjustments. 

The CFOSS-sectional shape of the plurality of the apertures in the distal 
member 3B of the apparatus 1 may be tapered as illustrated in Figures SA-SC, 
or the middle of the apeitures S may be enlarged or reduced in diameter as 
illustrated in Figures 5D-5E. 

The apertures S can be filled with cavitation threshold reducing 
substances 18 as illustrated in Figure 6. Examples of cavitation threshold 
reducing substances 18 include rose bengal, PHOTOFRIN, Eosin Y, 
Eiythrosine B and various surfactants, etc.. Filling the apertures 5 with a 
cavitation threshold reducing substance 18 decreases the cavitation threshold 
allowing cavitation to occur at a lower ultrasound ^ergy. The position of the 
cavitation threshhold producing substance within the apertures encourages 
cavitation within the apertures 5 where it is most desirable. As a result, the 
level of ultrasound energy to which the skin is exposed can be reduced. This 
reduced level of ultrasound energy reduces the risk of deleterious effects to the 
tissue 2. 

The threshold value for cavitation can also be reduced by dissolving 
air, helium, argon, neon, perfluorocarbon or other gas within the fluid in the 
fluid chamber 4. This dissolved gas reduces the cavitation threshold because 
the air or gas becomes the seed at the time of generation of cavitation allowing 
the cavitation to occur easier. 
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The distal memb^ 3B of the sqsparatus 1 can be fonned of ultrasound- 
absoibent material or ultrasound-reflective material as illustrated in Figure 7. 
Suitable ultrasound-absorbent matmals include, but are not limited to, rubber, 
foam rubber, etc. Suitable ultrasound-reflective materials include, but are not 
limited to, foam resin and other materials containing large amounts of air. The 
foam resin can include capsule-shaped spaces roughly 0.1 micron to 50 micron 
in size near the tissue contact surface 3 A or throughout the entire distal 
member 3B. In addition, a thin layer of air 0.1 micron to 100 micron thick can 
be provided inside the distal member 3B. Forming the distal member 33 of 
ultrasound-absorbent material or ultrasound-reflective material reduces the 
level of ultrasound energy that the tissue 2 is exposed to by increasing the 
portion of ultrasound energy which is absorbed or reflected by the distal 
member 3B. 

In conventional apparatus that is using ultrasound energy, deleterious 
efifects on the skin such as increased temperature, heat of vibration and 
friction, and chemical reactions have been found. As described above, the 
apparatus of the present invention requires that less energy be iq^plied to the 
tissue. As a result, bums and the like can be prevented . This reduced energy 
is derived from an increased efficiency. 

An enc£q)sulation sheet 20 can be adhered to the tissue contact surface 
3 A as illustrated in Figure 8. The encapsulation sheet 20 can be a thin tissue 
adhered to the outside surface of the tissue contact surface 3 A. The 
encapsulation sheet 20 can prevent fluid within the fluid chamber 4 from 

flowing out of the fluid diamber 4. The encapsulation sheet 20 can be 

J- 

removed before the apparatus I is positioned adjacent the tissue 2 or can be 
left in place during operation of the apparatus 1 . If the apparatus 1 is operated 
with the encapsulation sheet 20 still attached, cavitation occurs as described 
above and the ^capsulation sheet 20 is punctured by the jet flow generated by 
cavitation. As a result, the encapsulation sheet 20 does not interfere with 
operation of the apparatus 1 . 
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An adhesive patch 22 can be attached to the tissue contact surface 3 A 
as illustrated in Figure 9. The adhesive patch 22 consists of a layer of 
adhesive 22A which has holes 22B of roughly the same size as the diameter of 
the apertures S along with a peei-ofT backing 22C provided by lamination 
upon the layer of adhesive 22A. 

The adhesive patch 22 is adhered to the tissue contact surface 3 A to 
prevent leakage of fluid from the Quid chamb^. Before use of the apparatus 
1, the peel-ofT backing 22C is peeled off to expose the layer of adhesive 22B. 
The q>paratus 1 is then secured to the tissue 2 by the adhesive force of this 
layer of adhesive 22B. Thereby, the apparatus 1 is secured stably to the skin 
so handling is simplified. In another embodiment, the adhesive is attached to 
the periphery of the tissue contact surface so it does not interfere with the 
apertures S. 

The apparatus I can also be included on an elongated body 24 as 
illustrated in Figure 10. A fluid delivery lumen 25 extends through the 
elongated body 24 and terminates within the fluid chamb^. The distal 
member 3B has a cylinder shape which at least partially defines a flood 
volume 4 and a diameter matching the diaiheter of a body lumen 26 which 
includes a treatment site 28. An energy delivery device 6 is disposed within 
the fluid volume 4. The ultrasound element is powered by lead wires 32 
extending through the elongated body 24. Suitable body lumens 26 include, 
but not limited to, the esophagus, cardiovascular system, bladder and urethra. 
A treatment site 28 can be a site within the body lumen 26 which requires that 
a medicament be delivered to the treatment site 28 or that biological fluids be 
removed firom the treatment site 28. For instance, the treatment site 28 can be 
a tumor located adjacent a blood vessel or a diseased blood vessel itself. 

In operation, the elongated body 24 is threaded through a body lumen 
26 until the ap^tures S on the apparatus 1 are positioned adjacent a treatment 
site 28 as illustrated in Figure 1 0. For instance, when the body lumen 26 is a 
esophagus and the treatment site 28 is a cancerous tumor, the elongated body 
24 is orally ins^ed until the apparatus I is positioned adjacent the tumor. A 
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fluid containing a cancer treatment agent is deliv^ed to the fluid chamber 4 
via the fluid delivery lumen 25. A driving signal is supplied to the ultrasound 
element to cause cavitation of the fluid within the fluid chamber 4 and 
preferably within the apertures 5. The cavitation injects the anti-cancer drug- 
containing fluid into the external coat of the esophagus so that a large number 
of holes 14 are formed in the external coat of the esophagus. Thus, the anti- 
cancer drug-containing fluid 4 absorbed via this large number of holes 14 
* permeates to the treatment site which may be a malignant tumor, for example. 
Thereby, the anti-cancer drug can be administered efficiently to the affected 
area. At this time, by combining an ultrasonic echo probe used for diagnosis 
with the apparatus 1 of the present invention, treatment can be performed 
while monitoring and confirming the location of the malignant tumor. 

By supplying energy and anti-cancer drugs, the medicament can be 
allowed to permeate deeply into the tissue of the cancer of the esophagus. In 
addition, it is possible to cause the medicament to permeate cancer cells and 
the cells of other normal tissue through the cell tissues. Since the anti-cancer 
drugs can be administered locally, anti-cancer drugs of higher concentrations 
and stronger toxicity can be used. Possible anti-cancer drugs include 
mitomycin, Adriamycin, bleomycin and other common anti-cancer drugs, and 
also, the administration of medicaments (genes) used in recently developed 
gene therapies can be performed. Moreover, photosensitizing agents used in 
photochemotherapy can also be allowed to permeate into tissue. In addition, 
various types ofcontrast media can also be administered. The present 
invention can also be used in the treatment of colon cancer, cancers of the head 
and neck, brain tumors, liver cancer and lung cancer in addition to cancer of 
the esophagus. This apparatus 1 can also be ins^ed into the interior or cento* 
of the tumor for treatment. 

As illustrated in Figure 1 1 A, the elongated body 24 can include a 
balloon 34 and an inflation lumen 36. In operation, the balloon 34 can be 
inflated via the inflation lumen 36. As illustrated in Figure 1 IB, inflation of 
the balloon 34 can serve to drive the tissue contact surface 3 A against the side 
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of the body lumen 26. The pressure of the tissue contact surface 3 A against 
the body lumen 26 can serve to create an at least partial seal between the tissue 
contact surface 3A and the body lumen 26. 

Note many of the embodiments described above describe examples of 
the administration of medicament, but the apparatus 1 of the present invention 
can also be used for the collection of bodily fluids. For instance, by placing a 
vacuum suction 2q)paratus 1 against the treated portions of the skin after fine 
holes 14 are opened in the surface of the living tissue with the apparatus 1, the 
collection of bodily fluids can be performed efficiently through the skin at low 
negative pressures. Examples of the collection of bodily fluids include the 
extraction of sweat, intercellular fluid, blood, blood serum, electrolytes, 
enzymes, proteins, foreign substances, drugs, poisons or the like. 

Note that the various exemplary embodiments described above 
describe examples of the transdermal administration of medicament* but the 
present invention is not limited thereto, but rather the present invention can 
also be applied to the case of administration of medicament or collection of 
bodily fluids tcom walls of blood vessels or the sur&ce of organs. 

The apparatus 1 can be coupled with a feedback control system 68 as 
illustrated in Figure 12. The temperature at each temperature srasor 7 is 
monitored and the output power of energy source adjusted accordingly. The 
physician can, if desired, override the closed or open loop systm. 

The feedback control system 68 includes an energy source 70, pow^ 
circuits 72 and a power calculation device 74 coupled with the energy delivery 
device 6. A temperature measur^oit device 76 is coupled with the 
temperature sensors 7 on the apparatus 1 . A processing unit 78 is coupled 
with the power calculation device 74, the power circuits 72 and a user 
interface and display 80. 

In operation, the temperature at each temperature sensor 7 is 
detennined at the temperature measurement device 76. The processing unit 78 
receives each determined temperature from the temperature measurement 
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device 76. The determined temperature ban then be displayed to the vsex at 
the user interface and display 80. 

The processing imit 78 includes logic for generating a temperature 
control signal. The temperature control signal is proportional to the difference 
between the measured temperature and a desired temperature. The desired 
temperature can be determined by the user. The user can set the 
predetermined temperature at the user interface and display 80. 

The temperature control signal is received by the powCT circuits 72. 
The power circuits 72 adjust the power level of the energy supplied to the 
energy delivery device 6 from the energy source 70. For instance, when the 
temperature control signal is above a particular level, the power supplied to the 
energy delivery device 6 is reduced in proportion to the magnitude of the 
temperature control signal. Similarly, when the temperature control signal is 
below a particular level, the power supplied to the energy delivery device 6 is 
in^eased in proportion to the magnitude of the temperature control signal. 
- After each pow^ adjustment, the processing unit 78 monitors the temperature 
sensors 7 and produces another temperature control signal which is received 
by the power circuits 72. 

The processing unit 78 can also include safety control logic. The 
safety control logic detects when the temperature at a temperature sensor 7 has 
exceeded a safety threshold. The processing unit 78 can then provide a 
temperature control signal which causes the power circuits 72 to stop the 
delivery of energy fiom the energy source 70 to the energy delivery device 6. 

The power supplied to the ultrasound elemoit may be adjusted in ' 
response to the temperature sensor 7 which indicates the highest temperature. 
Making power adjustments in response to the temperature of the temperature 
sensor 7 indicating the highest temperature can prevent ovedieating of the 
treatment site 28. 

The processing unit 78 also receives a power signal from a power 
calculation device 74. The power signal can be used to determine the power 
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being received by the energy delivery device 6. The determined power can 
then be displayed to the user on the user interface and display 80. 

The feedback control system 68 can maintain the tissue adjacent to the 
energy delivery device 6 at a desired temperature for a selected period of time. 

The processing unit 78 can be a digital or analog controller, or a 
computer with software. When the processing unit 78 is a computer it can 
include a CPU coupled through a system bus. The user interface and display 
80 can be a mouse, keyboard, a disk drive, or odier non-volatile memory 
systems, a display monitor, and other peripherals, as are known in the art. 
Also coupled to the bus is a program memory and a data mraiory. 

In lieu of the series of power adjustments described above, a profile of 
the power delivered to the energy delivery device 6 can be incorporated in the 
processing unit 78 and a preset amount of energy to be delivered may also be 
profiled. The power delivered to each energy delivery device 6 can the be 
adjusted according to the profiles. 

The foregoing description of a preferred embodiment of the invention 
has been presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise forms 
disclosed. Obviously, many modifications, combinations and variations will 
be apparent to practitioners skilled in this art. 
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CLAIMS 

What is claimed is: 



1 1 . An apparatus for creating holes in a biological tissue, comprising: 

2 a housing which at least partially defines a fluid chamber including a 

3 tissue contact surface which is configured to be positioned adjacent the 

4 biological tissue; 

5 - an ultrasound delivery device positioned adjacent the fluid chamber 

6 and configured to cavitate a fluid within the fluid chamber; and 

7 a plurality of apertures extending from the fluid chamber through the 

8 tissue contact surface and sized to pennit passage of the cavitated fluid 

9 through the apertures at a speed sufficient to create a hole in the tissue. 

1 2. The apparatus of clsdm I , further comprismg: 

2 at least one temperature sensor. 

1 3. The apparatus of claim 2, further comprising: 

2 a feedback control system for adjusting a level of an energy delivered 

3 form the energy delivery device in response to a signal from the at least one 

4 temperature sensor. 

1 4. The apparatus of claim 1 » further comprising: 

2 a fluid reservoir in fluid communication with the fluid chamber. 

1 5. The apparatus of claim 4, further comprising: 

2 a pump positioned between the fluid chamber and the pump. 

1 6. The sqpparatus of claim 1 » furtho^ comprising: 

2 a cavitation threshold reducing substance positioned within the 

3 apertures. 
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1 7. The apparatus of claim 1, wherein the tissue contact surface is 

2 constructed from an ultrasound-absorbent material. 

1 8. The apparatus of claim 1 , wherein the tissue contact surface is 

2 constructed from an ultrasound-reflective material. 

1 9. The apparatus of claim 1 , further comprising: 

2 an encapsulation sheet adhered to the tissue contact sur&ce and 

3 configured to prevent the fluid from leaking from the fluid chamber through 

4 the apertures. 

1 10. The apparatus of claim 9, wherein the encapsulation sheet can is 

2 . conflguredtobepuncturedby the cavitation of the fluid within the £q^ertures. 

1 11. The apparatus of claim 1 » further comprising: 

2 an adhesive which can bind to the tissue coupled with a distal side of 

3 the tissue contact surface. 

1 12. The apparatus of claim 1 1 , further comprising: 

2 a removable backing coupled with the adhesive. 

1 13. The apparatus of claim 12, further comprising: 

2 an elongated body coupled with the tissue contact surface. 

1 1 4. The apparatus of claim 1 3» further comprising: 

2 a fluid delivery lumen within the elongated body and in 

3 conunimication with the fluid chamber. 

1 IS. The apparatus of claim 1 4. further comprising: 

2 an inflation lumen; and 
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3 a balloon configured to be expanded via the inflation lumen. 

1 16. The 2^paratus of claim IS, whmin the balloon is positioned on an 

2 opposite side of the elongated body from the tissue contact surface. 

1 17. The apparatus of claim 1 , wherein the energy delivery device is an 

2 ultrasound element 

1 1 8. The apparatus of claim 17, wherein the ultrasound element is a 

2 piezoelectric material. 

1 19. The apparatus of claim 1 7, wherein the ultrasound element is 

2 configured to provide ultrasound energy with a frequency of 10 kHz to 

3 lOOMHz. 

1 20. The apparatus of claim 17, whoein the ultrasound is configured to 

2 provide an ultrasound energy with an intensity of 0.1-1000 W/cm^ 

1 21. The apparatus of claim 1 7, wherein the apertures have a diameter of 

2 0.1 |im to 3 mm. 

1 22. The apparatus of claim 17, wherein the apertures have a diameter of 

2 0.3 ^m 0.1 mm. 

1 23. An apparatus for creating holes in a biological tissue, comprising: 

2 a housing which at least partially defines a fluid chamber including a 

3 tissue contact surface which is configured to be positioned adjacent the 

4 biological tissue; 
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5 an ultrasound delivery device positioned adjacent the fluid chamber 

6 and configured to operate at a frequency which civitates a fluid within the 

7 fluid chamber; and 

8 a plurality of apertures extending from the fluid chamber through the 

9 tissue contact surface and sized to have the fluid exit from the chamber 

10 through the apertures at the operating frequency of the ultrasound deliv^ 

1 1 device. 



1 24. The apparatus of claim 23* iurthar comprising: 

2 at least one temperature sensor. 

1 25. The apparatus of claim 24, further comprising: 

2 a feedback control system for adjusting a level of an energy delivered 

3 form the energy delivery device in response to a signal from the at least one 

4 tmiperature sensor. 

1 26. The apparatus of claim 23» further comprising: 

2 a fluid reservoir in fluid communication with the fluid chamber. 

1 27. The apparatus of claim 26, further comprising: 

2 a pump positioned between the fluid chamber and the pump. 



1 28. The apparatus of claim 23, further comprising: 

2 a cavitation threshold reducing substance positioned within the 

3 apertures. 

1 29. Hie apparatus of claim 23, wherem the tissue contact surface is 

2 constructed fit>m an ultrasound-absorbent material. 



1 30. The ^paratus of claim 23, wherein the tissue contact surface is 

2 constructed from an ultrasound-reflective material. 
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1 31. The apparatus of claim 23» further comprising: 

2 an encapsulation sheet adhered to the tissue contact surface and 

3 configured to prevent the fluid from leaking from the fluid chamber through 

4 the apertures. 

1 32. The apparatus of claim 3 1 , wherein the encapsulation sheet can is 

2 configured to be punctured by the cavitation of the fluid within the apertures. 

1 33. The apparatus of claim 23» furtho' comprising: 

2 an adhesive which can bind to the tissue coupled with a distal side of 

3 the tissue contact surface. 

1 34. The apparatus of claim 33, further comprising: 

2 a removable backing coupled with the adhesive. 

1 35. The apparatus of claim 34, further comprising: 

2 an elongated body coupled with the tissue contact surface. 

1 36. The apparatus ofclaim 35, further comprising: 

2 a fluid delivery lumen within the elongated body and in 

3 communication with the fluid chamber. 

1 37. The apparatus of claim 36, further comprising: 

2 an inflation lumen; and 

3 a balloon configured to be expanded via the inflation lumra. 

1 38. The apparatus of claim 37, wherein the balloon is positioned on an 

2 opposite side of the elongated body bom the tissue contact surface. 
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1 39. The apparatus of clmm 23, wherein the energy delivery device is an 

2 ultrasound element. 

1 40. The apparatus of claim 39, wherein the ultrasound el^ent is a 

2 piezoelectric material. 



1 41 . The apparatus of claim 39, wherein the ultrasoimd element is 

2 configured to provide ultrasound enei^ with a frequency of 10 kHz to 

3 100 MHz. 

1 42. The apparatus of claim 39, wherein the ultrasound is configured to 

2 provide an ultrasound energy with an intensity of 0.1-1000 W/cm^ 

1 43. The apparatus of claim 39, wherein the apertures have a diameter of 

2 0.1 (tmto3mm. 

1 44. The apparatus of claim 39» wherein the apertures have a diameter of 

2 0.3 |im 0.1 nrni. 

1 45. An apparatus for creating holes in a biological tissue, comprising: 

2 an elongated body including a distal end which at least partially defines 

3 a fluid chamber; 

4 a tissue contact surface included in the elongated body and configured 

5 to be positioned adjacent the biological tissue; 

6 an ultrasound delivery device positioned within the fluid chamber and 

7 configured to cavitate a fluid within the fluid chamber; and 

8 a plurality of apertures extending fiom the fluid chamber through the 

9 tissue contact surface and sized to pCTiit passage of the cavitated fluid 

10 through tiie apertures at a speed sufficient to create a hole in the tissues. 



1 



46. The apparatus of claim 45, further comprising: 
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2 at least one temperature sensor. 

1 47. The apparatus of claim 24, fuither comprising: 

2 a feedback control system for adjusting a level of an energy delivered 

3 form the energy delivery device in response to a signal from the at least one 

4 temperature sensor. 

1 48. The apparatus of claim 45, further comprising: 

2 a fluid reservoir in fluid communication with the fluid chamber. 

1 49. The apparatus of claim 48, further comprising: 

2 a pump positioned between the fluid chamber and the pump. 

1 50. The apparatus of claim 45, further compri^ng: 

2 a cavitation threshold reducing substance positioned within the 

3 apertures. 

1 51. The apparatus of claim 45, wherein the tissue contact surface is 

2 constructed from an ultrasound-absoifoent material. 

1 52. The apparatus of claim 45, wherein the tissue contact surface is 

2 constructed from an ultrasound-reflective material 

1 53. The apparatus of claim 45, further comprising: 

2 a fluid delivery lumen within the elongated body and in 

3 communication with the fluid chamber. 

1 54. The apparatus of claim 45, further comprising: 

2 an inflation lumen; and 

3 a balloon configured to be expanded via the inflation lumeiL 



wo 98/58699 PCTAiS98/13152 

25 



1 SS. The apparatus of claim 54, wherein the balloon is positioned on an 

2 opposite side of the elongated body from the tissue contact surface. 

1 56. The apparatus of claim 45, wherein the energy delivery device is an 

2 ultrasound element 

1 57. The apparatus of claim 39, wherein the ultrasound element is 

2 configured to provide ultrasound energy with a frequency of 10 kHz to 

3 100 MHz. 

1 58. The apparatus of claim 39, wherein the ultrasound is configured to 

2 provide an ultrasound energy with an intensity of 0.1-1000 W/cm^ 

1 59. The apparatus of claim 39, whmin the apertures have a diam^er of 

2 0.1 ^m to 3 nun. 

1 60. The apparatus of claim 39, wherein the apotures have a diameter of 

2 0.3 fimO.l nun. 
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